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wsTRACT: Three population menitoring meth-
ods were evalnated i osupport of @ trapAace-
nate/release program lor controlling a bat vari-
ant of rabics virns in skanks (Mephitis meplhitis
in Flagstaff. Arvizona (USAYL Skunks were the
primany species targeted for population moni-
toring during the program. but feral cats were
also 1110111t019d as they represented an abundant
seconcdan vector species capable of rabics trans-
migsion. Skunks were vaccinated and released,
except for a subset tested for rabies. All cap-
tured cats were placed in the local animal shel-
ter. Spotlight survevs essentially did not detect
skunks. and were not able to detect reductions
in the cat population. Catch-per-unit-eftort mar-
ginadlv tracked population trends, but a passive
track index adapted for an orban setting was
mast sensitive for detecting changes in skank
and cat populations, Mark-recapture population
estimates contd not be validly caleudated from
the data on captares and recaptures due 1o mul-
tiple violations of analvtical assumnptions.

Key words: Cateh rate, mark-re capture.
passive track indesc popalation index. popula-
tion monitoring, spotlight index, trap/vaccinate/
release.

A trap, vaceinate, and release (TVR)
program bused on Rosatte ot al. (1992) was
condncted in Flagstatt, Arizona {USA) in

response to an ontbreak of o bat variant of

rabies virus in striped skunks (Mephitis
mephitis) during carly 20071 (Christensen
and Bergman, 2001 Smith et al.. 2001).
This TVR program offered an opportunity
to evaluate population indexing methods
(e.g. Canghlev, 1977 that murht be pruc-
tical for similar TVR programs, while pro-
viding valid quantitative resalts. Such an
index conld provide valuable information
on relative population abundances. popu-
lation changes.and the spatial distribation
ol the targel animals, s woell as the sane
])()])llldf’l()]l information lor species co-oc-
cupring the TVI arca that imight impact

the 'TVR program. An inherent difficulty

in Flagstafl’ was that most wildlife moni-
toring methods were not designed for ap-
plication in an urhan sctting, We describe
the resnlts from testing three potential
monitoring methods that could be used in
conjunction with a similar urban TVR pro-
gram.

The TVR Prograll was focused on the
south side ol Flagstaft where the rabid
skunks were found (south of Interstate 40,
Fig. 1). The habitat prior to human devel-
opment would have beenr Rocky Mountain
(petran}-montanc  conifer forest (Brown,
1994) dominated by stunds of ponderosa
pine (Pinus ponderosa). Today, the habitat
in the arca varies considerably. Much of
the arca has been developed into a typical
urban/suburban setting, with single family
homes on adjacent lots having mnanicured
lawns and vards. Condominium and apart-
ment complexes are also present, as are
shopping arcas and a goll course. Parts of
the area also have homes placed in the sur-
rownding ponderosa pine forest with nat-
wral, rather than manicured lots, Remnant
patches of pine forest also are dispersed
through the arca.

Skunks were live-trapped.  vaccinated
(Imrub3, Merial Lid., Athens, Georgia,
USA). uniquely marked with car tags, and
released. random subset ol 19 skunks
was tested for rabies (Huorescent antibody
test on brainstem). Raccoons (Pmr,yrm l'r)—
tor) and grev fox (Urocpon chiiercoargen-
vaceinated,

teust were also marked, aned

released. Feral cats were removed from
the population by placing them in the local
animal shelter

Skunks. as the primary
were The main tareet animals for monitor-

iy, All identified

rihies vector

rabid animals were
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Frevnre 1.
cinate-release program for skanks in F].‘Igstuﬁ: Ari-

Map showing the area of a trap-vac-

ZON:A.

striped skunks. TFeral cats represented an
abundant secondary  species
carrving rabies. They also were un abun-
dant animal that could reduce capture

rates for skunks through ocenpation ol

traps.

Three population indexing methods
were considered: catch rate. spotlight su-
vevs, and a passive track index (PTI. All
population monitoring methods were ap-
plied throughout the TVR area.

Catch per unit effort has long been nsed
as an index for animal abundance (e.g..
Caughley, 1977), and these data were
available as part of the TVR program.
Trapping was carried out in three 10-day
sessions, which we identilyv as: carly May.
late May/early June, and mid-June, Cap-
tures were made using Tomahawk live
traps (Towmahawk, Wisconsin, USA). The
catch rate index was caleulated at the end
ol each of the three sessions as the mun-
ber of captures of each species during that
session divided by the nomber of available
trap nights {TN) during the session (each
session excecded 1900 TN,

Spotlight surveys were conducted at the
end of each week during the 6 wk TVR
progran. Ten 1.6 km transects were estah-
lished in the TVR area. Each transect was
at least 1 km [rom anv portion of the other
transects. Survevs began 1 hr after sunsct.
Vehicles were driven =16 Tan/hr. Spotlight
macte {rom onlv

()I)S(‘l'\’klti()l'ls wwere one

capible of
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side of the roads and renmwined constant
throngh all sunvevs. The weather was ild
and clear tor all survess. Numbers of cach
species ohserved along each transect were
recorded cach week. The spotlight index
was caleulated for cach species cach week
as the mean number observed per tran-
sect.

The PTI was applicd immediately prior
to and after the TVR program. The PTI
was based on the methods in Fngernan ct
al. (2000, 20014, 2001hY However. in each
of those applications tracking plots were
placed on dirt roads beeause they were
used as travel pathwavs Dy target animals.
The large majority of roads in the TVR
area were paved, and dirt roads in the area
received heavy traffic. making tracking
plots ou roads [utile. Engeman et al,
(2003) demonstrated in o miueh different
setting that animals could be monitored
using tracking plots without dirt roads. if
their routes of travel could he predicted.
We identified alternative potential skank
We
stationed 22 plots at siles such as cnlvert

travel corridors in this wrhan setting,

entrances, natural draws, and openings in
fences.

In contrast to many tmd\mg pl()t meth-
ods, observations recorded at t‘dL]l plot
were not binary (presence/absence ). Rath-
er, the mumber of track sets (]Hllll[)(‘]' of
intrusions inte the plot) by skunks and cats
were recorded for three conseeutive days
at both assessments. The number of plot
intrusions has been well-documented to
provide superior sensitivity to diflerences
or changes in index levels over binam mea-
sures (Allen et al., 1996: Engenman ot al.,
2000). The substrate at all plot sites pro-
excellent  tracking surltace for
identitving species and distinguishing the
After 24 hre plots
were exantined for spoor and resurfuced
(tracks crased and surface smoothed) for
) Fair weather
conditions prevailed during each of the us-

vided an

number of intrusions.

the next dan’s observations.

sessments. The number of sets of tracks
found on the ith plot on the jth dav, .
were  represented  as oa linear model:
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=p+ P+ Dj+ey where the term s the
()\t‘l all mean nmnber of sets of tracks per
plot per dav for the arca being assessed.
Di is a random effect due to the dav on
which an observation was made. with j=1.
2. or 3 in our case. P is a random cffect
du(—‘ to the ith plot with i=1.2.3 ... pj=22
rcpresenting the nunber of pl()ts contrib-
uting data on the jth dav. The ¢ represent
random error associated with each plot
each dav. Neither the plots nor the days
were assumed to be mdependent tor cal-
culation of estimates (varianee caleulations
were based on a nonzero covariance struc-
ture among plots and among davs). The
number of p]ots contributing data for the
alculations was allowed to difter bebwveen
days. This data structire permitted calcu-
tracking index {P7T1),
components of variance, and variance es-
timates using the methods in ]ﬁndem(m ot
al. (1998) with, the PTI define d mathe-
matically as:

lation of a passive

1 3 ’i

13
PTT ==, — 21 Xy

37

and its variance cstimate caleulated ac-
cording to the fbll()\\'ing formula:
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where the (rl;
tiv L‘l\ the variance components (Searle et
al., 1992} for plot-to-plot variability, daily
dT]dhllll_\. and random observational vari-
ability associated with cach plot each day.
The pr()(:e(lur(r SAS PROC VARCOMP,
with a restricted maximum likelihood es-
timation pmcedur(‘ (REMIL) (SAS Insti-
tute, 1996) was used to calculate these var-
fance components,

The TVR program allowed the sensitiv-
ities of the monitoring methods to be eval-
nated, because all cats and 19 skunks were
removed from the populations. There
were 174 skunk captures over the 6wk
TVR program, representing 133 individu-
als with 41 recaptures. Nincteen striped
skunks were removed from the population

through rubics testing (all negative) and
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Fivne 2.
anel cats over the course of a 6 wk rabics trapAacei-

The change in index values for skonks

natedrelease program using, three population moni-
toring methods,

114 were vaccinated, tugg()d. and released.
A total of 76 cats were captured through
the TVR program and removed from the
habitat. No other sp(‘m(*s were (uptm(‘(l m
sufficient quantity to merit additional
monitoring.

Figure 2 summarizes results from the
thlee monitoring methods. Even though
the TVR program removed 19 skunks for
rabies testing, the catch rate for skunks in-
creascd across the threo trapping sessions
of the TVR program. Catch rate secmed
to detect the reduction of cats in the area,
decreasing from 0.015 to 0.010 cats/TN
over the course of the TVR. Spotlight sur-
vevs rarely detected skunks,
\1trht1n§_¢. were made dlumu the t()ml 60
transect runs, Cats were red(lll\ spotted,

as only two



but the spotlight survevs indicated a sta-
ble, possibly increasing cat population at
the same time the TV R program was re-
moving 76 cats. The PTI for skunks re-
sulted in a post-TVR index similar to that
of the pre-TVR (£2=0.36, P=0.5%), while
the post-TVR for cats was substantiallv less
than the pre-TVR (Z=2.03, P=0.04). Ex-
amination of the components of variance
used in culculating the variunce estimate
for the PTI revealed that the plot effect
comprised a much greater proportion of
the total variability than the day effect, im-
plving that emphdsm should be placed on
maximizing the number of plots for obser-
vation to achieve greatest sensitivity in fi-
tire surveys. For our situation, total effort
could be held constant by reducing the
number of observation davs to two, while:
increasing the number of p]ots

The catch rate index for skunks, while
relatively low both pre- and post-TVR,
showed an increase. These results indicat-
ed increased skunk activity, likelv due to
greater foraging ranges for the adults as
voung of the year matured during the TVR
period. The cateh rate showed a small de-
crease in cat capture rates, but remained
constant through the final two trapping
sessions, implying that this index was not
particularly sensitive to the removal of 76
cats.

Spotlight survevs did not appear useful
tor skunks or cats, but for different rea-
sons. Spotlight surveys were ineffective at
detecting skunks, therefore providing no
pote ntial to dotect popuhtl()n ('hdng_ves or
differences. The spotlight survev did not
indicate an overall decrease in cat nam-
bers, and the finad survev had the highest
index of all, which is a result contradictory
to the removal of 76 cats.

The results for the PT1 also fell in line
with possible increases in skunle activity, as
the index increased slightly. The PTT was
the most sensitive of the three to removal
of the cats and showed a steep decline.
Each of the three monitoring methods
held the potential to provide information

on spatial distributions and abundances of
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animals, but the PTT provided the most
logical results for both specics across the
TVR program. For future TVR efforts in
siiilar nrban circumstances, the PTI1 ap-
pears to provide a sensitive addition to the
population monitoring methods.

FEven though skunks were Dbeing cap-
tured, tageed, and released, we did not use
mark-recapture methods (e.g.. Otis et al.,
1978) to estimate the initial population
available for vaccmation. Mark-recapture
p()pnl;lti(m ostimates are predi(:nted On 1
set of ussumptions that when violated nul-
lity the validity of the resulting estimate
(Otis ot al., 1978; Licdloff, 2000). Over the
course of the 6 wk program an assumption
that the skunk population was closed
would be presumptuous, because there
were no barriers to emigration or innni-
gration and rabies. a fatal disease, was pre-
sent in the population. In addition, the
skunk  population  demography available
tor trapping likely clunged during the
TVR as juveniles entered the population.
Therefore, the same mark-recapture mod-
el would have been unlikely to apply
thronghout the course of the TVR. Lastly,
our recapture data made it clear that het-
crogeneity existed in individual skunk cap-
ture plt)lm}nhtles hecause some individu-
als were readily recaptured while most
were never recaptured. These issues nul-
lity assumptions required for mark-recap-
ture estimates.

Muny people assisted in the capture of
animals, including M. Brown, E. Carter, 1.
Duffliney, S. Jojolla- Everum, F. Massey, M.
Thompson. and K. Tubbs. N.P. Groninger
provided valuable assistance in the prepa-
ration of the manuscript by desveloping the
figures. T. Del.iberto, K. Flwmst()n(\, and
R Sterner provided valuable input to an
The
TVR program was a cooperative effort in-
volving the USDAAVildlife Services, Ari-
zona Department of Health Sewvices, Co-
conino County Department of Tlealth Ser-
vices, City of Flagstall Police Department,
Centers for Disease Control. and Merial
Ltd.

t‘cl]]]t‘] version (J{ tll(‘ lllcl]lllb(.]ll)t.
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